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(57) A vibration source driving device comprises a 
sound source 10 for generating musical tone signals, a 
DC motor 24 as a vibration source for generating vibra- 
tion, a low-pass filter (LPF) 16 as a signal extraction 
means for extracting low-frequency components from 
the musical tone signals output from the sound source 



1 0, a detection circuit 1 8 for detecting the output signal 
of the low-pass filter 1 6, a rectifiercircuit 20 for rectifying 
the detection output of the detection circuit 1 8, and an 
amplifier for driving the vibration source based on the 
low-frequency components of the musical tone signals 
that are extracted by the low-pass filter 16. 
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Description 

Technical Field 

[0001] The present invention relates to vibration 
source driving devices, and particularly to vibration 
source driving devices that realize vibration functions on 
portable telephones. 

Background Art 

[0002] The conventional portable telephones are 
each constituted to allow the setting for a vibrator to be 
driven at an incoming call mode in order to notify an in- 
coming call by causing vibration other than a melody 
and the like. Generally, this vibrator has a DC motor in 
which a weight is attached in a deflected manner to a 
rotation shaft of a rotor; therefore, by driving it to rotate, 
vibration is generated. 

[0003] By the way, the aforementioned portable tele- 
phones can be each set to notify users with incoming 
calls with both sound and vibration by driving the vibrator 
simultaneously with generation of the melody and the 
like. 

[0004] However, the sound such as the melody of the 
musical tune does not have correlation to the vibration; 
therefore, when the conventional telephone is used with 
the setting for allowing incoming call notification by si- 
multaneously generating sound and vibration, there is 
a problem in that the user of the portable telephone may 
have a feeling of wrongness. 

[0005] As a vibration source, a vibration speaker hav- 
jng a vibration function is known. The vibration speaker 
is set such that the resonance frequency of the cone 
side differs from the resonance frequency of the magnet 
side; therefore, it is constituted such that the sound out- 
put and the vibration are generated in different frequen- 
cy bands respectively. In the conventional portable tel- 
ephones, vibration speakers have not been known as 
constituent elements for realizing vibration functions. 
This is because in order to reliably generate vibration 
using a vibration speaker, it is necessary to control the 
frequency characteristic of the drive system of the vibra- 
tion speaker to follow up with variations of the resonance 
frequency of the magnet side of the vibration speaker 
causing the vibration. For this reason, there is a problem 
that the circuit configuration should be complicated. 
[0006] The present invention is made in consideration 
of the aforementioned circumstances; and it is a first ob- 
ject to provide a vibration source driving device, as a 
means for realizing a vibration function on the portable 
telephone and the like, in which at an incoming call 
mode when both sound and vibration are simultaneous- 
ly generated to perform incoming call notification, a cor- 
relation is introduced between the vibration and the 
sound corresponding to the melody of the musical tune, 
so that the user is able to enjoy it without having a feeling 
of wrongness. 



[0007] In addition, it is a second object of the present 
invention to provide a vibration source driving device, 
as a means for realizing a vibration function on the port- 
able telephone and the like, in which a vibration speaker 
5 used as a vibration source can be driven without using 
the complicated circuit configuration. 

Disclosure of Invention 

10 [0008] In order to achieve the first object, the present 
invention is characterized by comprising a sound source 
for generating musical tone signals, a vibration source 
for generating vibration, a signal extraction means for 
extracting low-frequency components from the musical 
15 tone signals output from the sound source, and a drive 
means for driving the vibration source based on the low- 
frequency components of the musical tone signals that 
are extracted by the signal extraction means. 
[0009] In the aforementioned configuration, the low- 
20 frequency components are extracted from the musical 
tone signals output from the sound source, so that the 
vibration source is driven based on the low-frequency 
components of the musical tone signals. Therefore, in 
the case of the portable telephone that is set to allow 
25 incoming call notification by both the sound (i.e. , melody 
of the musical tune) and vibration, the vibration occurs 
in synchronization with the rhythm of the musical tune 
that is output as the sound. Hence, it is possible to obtain 
an effect that the user is able to enjoy it without having 
30 a feeling of wrongness. 

[0010] In addition, the present invention is character- 
ized by comprising a sound source for generating mu- 
sical tone signals, a vibration source for generating vi- 
bration, a drive means for driving the vibration source, 
35 a switch means provided between the sound source and 
vibration source, and a control means for controlling the 
drive means such that by performing on/off controls on 
the switch means based on the output timing of a rhythm 
signal within the musical tone signals output from the 
40 sound source, the vibration source is driven in synchro- 
nization with the rhythm signal. 

[0011] In the aforementioned configuration, driving 
the vibration source responsive to the low-frequency 
components of the musical tone signals output from the 

45 sound source is realized by the control means that per- 
forms on/off controls on the switch means, provided be- 
tween the sound source and amplifier 22, based on the 
timing signal representing the output period of the 
rhythm signal, which represents the rhythm sound within 

50 the musical tone signals output from the sound source 
10. Therefore, in the case of the portable telephone that 
is set to allow incoming call notification by both the 
sound (i.e., melody of the musical tune) and vibration, 
the vibration occurs in synchronization with the rhythm 

55 of the musical tune that is output as the sound. Hence, 
it is possible to obtain an effect that the user is able to 
enjoy it without having a feeling of wrongness. 
[0012] In order to achieve the second object, the 
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present invention is characterized by comprising a 
sound source for generating musical tone signals, a vi- 
bration source that provides a first vibration system for 
causing resonance in a first frequency band and a sec- 
ond vibration system for causing resonance in a second 
frequency band that is lower than the first frequency 
band so that the first vibration system generates sound 
and the second vibration system generates vibration, a 
variable filter that allows a changeover of the signal 
passing band for the musical tone signals output from 
the sound source in response to the setting signal ex- 
ternally provided, and a drive means for driving the vi- 
bration source based on the output of the variable filter. 
Herein, filter constants of the variable filter are set based 
on the setting signal, so that the variable filter acts as a 
low-pass filter whose cutoff frequency substantially 
matches the upper-limit frequency of the second fre- 
quency band in order that the vibration source functions 
as only a vibrator; it acts as a high-pass filter whose cut- 
off frequency substantially matches the lower-limit fre- 
quency of the first frequency band in order that the vi- 
bration source functions as a speaker for reproducing 
sound signals; or it is placed in the through state allow- 
ing transmission of all signals in order that the vibration 
source functions to reproduce sound signals and to gen- 
erate vibration. 

[0013] The present invention is characterized by com- 
prising a sound source for generating musical tone sig- 
nals and vibration signals, a vibration source that pro- 
vides a first vibration system for causing resonance in 
a first frequency band and a second vibration system for 
causing resonance in a second frequency band that is 
lower than the first frequency band so that the first vi- 
bration system generates sound and the second vibra- 
tion system generates vibration, an addition means for 
adding together the musical tone signals and vibration 
signals output from the sound source, and a drive 
means for driving the vibration source based on the out- 
put signal of the addition means. 
[0014] The present invention is characterized by com- 
prising a sound source for generating musical tone sig- 
nals based on music data and for generating vibration 
signals based on and synchronized with rhythm data 
within the musical data, a vibration source that provides 
a first vibration system for causing resonance in a first 
frequency band and a second vibration system for caus- 
ing resonance in a second frequency band that is lower 
than the first frequency band so that the first vibration 
system generates sound and the second vibration sys- 
tem generates vibration, a rhythm data detection means 
for detecting the rhythm data from the musical tone sig- 
nals output from the sound source and for outputting 
them to the sound source, a high-pass filter for removing 
low-frequency sounds from the musical tone signals, a 
low-pass filter for removing higher harmonics compo- 
nents from the vibration signals, an addition means for 
adding together the output signal of the high-pass filter 
and the output signal of the low-pass filter, and a drive 



means for driving the vibration source based on the out- 
put signal of the addition means. 
[0015] The present invention is also characterized by 
that in the aforementioned vibration source driving de- 
5 vice, the vibration source is a vibration speaker. 

[0016] In the present invention having the aforemen- 
tioned configuration, the vibration speaker for generat- 
ing sound and vibration in different frequency bands is 
used as the vibration source, which is driven by signals 
transmitted through the variable filter that can change 
frequency characteristics of the musical tone signals 
output from the sound source by the setting input. 
Therefore, when the vibration speaker is used as the 
vibration source, that is, the means for actualizing the 
vibration function on the portable telephone that allows 
generation of sound (acoustic sound or speech) only, 
generation of vibration only, or simultaneous generation 
of sound and vibration, it can be driven by the normal 
speaker drive amplifier without using the complicated 
circuit configuration. When the portable telephone is set 
to allow notification of an incoming call by both sound 
(melody of the tune) and vibration, the vibration is gen- 
erated in synchronization with the rhythm of the tune that 
is output as the sound; therefore, it is possible to obtain 
an effect that the user can enjoy it without having a feel- 
ing of wrongness. 

[0017] Further, in the present invention having the 
aforementioned configuration, the sound source gener- 
ates musical tone signals as well as vibration signals in 
the prescribed frequency band causing resonance by 
the vibration system that generates vibration on the vi- 
bration speaker as the vibration source, so that the vi- 
bration speaker is driven by the added signals of the mu- 
sical tone signals and vibration signals. Therefore, when 
the vibration speaker is used as the vibration source, 
that is, the means for actualizing the vibration function 
on the portable telephone, it can be driven by the normal 
speaker drive amplifier without using the complicated 
circuit configuration. 

[0018] When the portable telephone is set to allow no- 
tification of an incoming call by both sound (melody of 
the tune) and vibration, it is possible to generate vibra- 
tions having different characteristics in response to the 
vibration signals generated by the sound source. 
Hence, it is possible to obtain an effect that the user can 
enjoy it without having a feeling of wrongness. 
[0019] In the present invention, the signals that is ex- 
tracted by eliminating low-frequency components from 
the musical tone signals output from the sound source 
are added to the vibration signals that are synchronized 
with the rhythm within the musical tone signals output 
from the sound source, so that the vibration speaker as 
the vibration source is driven by the addition output. 
Therefore, when the vibration speaker is used as the 
vibration source, that is, the means for actualizing the 
vibration function on the portable telephone, it is possi- 
ble to obtain an effect that the vibration source can be 
driven by the normal speaker drive amplifier without us- 
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ing the complicated circuit configuration. 
[0020] When the portable telephone is set to allow no- 
tification of an incoming call by both sound (melody of 
the tune) and vibration, the vibration is generated in syn- 
chronization with the rhythm of the tune that is output as 
the sound. Therefore, it is possible to obtain an effect 
that the user can enjoy it without having a feeling of 
wrongness. 

Brief Description of Drawings 
[0021] 

FIG. 1 is a block diagram showing the configuration 
of a vibration source driving device in accordance 
with a first embodiment of the present invention. 
FIG. 2 is a characteristic graph showing frequency 
characteristics of musical tone signals produced by 
a sound source shown in FIG. 1. 
FIG. 3 is a characteristic graph showing a frequency 
characteristic of a low-pass filter shown in FIG. 1 . 
FIG. 4 is a graph showing a waveform of an output 
signal of a rectifier circuit shown in FIG. 1 . 
FIG. 5 is a block diagram showing the configuration 
of a vibration source driving device in accordance 
with a second embodiment of the present invention. 
FIG. 6 is a graph showing a waveform of an output 
signal of a comparator shown in FIG. 5. 
FIG. 7 is a block diagram showing the configuration 
of a vibration source driving device in accordance 
with a third embodiment of the invention. 
FIG. 8 is a timing chart showing operational states 
of a sequencer shown in FIG. 7. 
FIG. 9 is a schematic drawing for explaining the out- 
line of the structure of a vibration speaker. 
FIG. 1 0 is a block diagram showing the configura- 
tion of a vibration source driving device in accord- 
ance with a fourth embodiment of the present inven- 
tion. 

FIG. 11 is a characteristic graph showing frequency 
characteristics of a variable filter shown in FIG. 1 0. 
FIG. 12 is a block diagram showing the configura- 
tion of a vibration source driving device in accord- 
ance with a fifth embodiment of the present inven- 
tion. 

FIG. 13 provide graphs for explaining contents of 
vibration signals generated by a sound source 
shown in FIG. 12. 

FIG. 14 is a graph for explaining contents of vibra- 
tion signals generated by the sound source shown 
in FIG. 12. 

FIG. 15 provides graphs for explaining contents of 
vibration signals generated by the sound source 
shown in FIG. 12. 

FIG. 16 is a graph for explaining contents of vibra- 
tion signals generated by the sound source shown 
in FIG. 12. 

FIG. 17 provides graphs for explaining contents of 



vibration signals generated by the sound source 
shown in FIG. 12. 

FIG. 18 is a graph for explaining contents of vibra- 
tion signals generated by the sound source shown 
in FIG. 12. 

FIG. 19 is a block diagram showing the configura- 
tion of a vibration source driving device in accord- 
ance with a sixth embodiment of the present inven- 
tion. 

FIG. 20 is a block diagram showing the configura- 
tion of a vibration source driving device in accord- 
ance with a seventh embodiment of the present in- 
vention. 

FIG. 21 is a block diagram showing the configura- 
tion of a vibration source driving device in accord- 
ance with an eighth embodiment of the present in- 
vention. 

FIG. 22 is a block diagram showing the configura- 
tion of a vibration source driving device in accord- 
ance with a ninth embodiment of the present inven- 
tion. 

Best Mode for Carrying Out the Invention 

[0022] The embodiments of the present invention will 
be described with reference to the drawings. The em- 
bodiments of the present invention describe applica- 
tions for portable telephones in which the present inven- 
tion is applied to vibration functions; however, the 
present invention is not necessarily limited by the em- 
bodiments. 

<First Embodiment 

[0023] FIG. 1 shows the configuration of the vibration 
source driving device in accordance with the first em- 
bodiment of the present invention. In this figure, the vi- 
bration source driving device of the first embodiment 
comprises a sound source 10 for generating musical 
tone signals, a DC motor 24 as a vibration source for 
generating vibration, a low-pass filter (LPF) 16 as a sig- 
nal extraction means for extracting low-frequency com- 
ponents from the musical tone signals output from the 
sound source 10, a detection circuit 18 for performing 
detection on the output signal of the low-pass filter 16, 
a rectifier circuit 20 for rectifying the detection output of 
the detection circuit 18, and an amplifier 22 as a drive 
means for driving the vibration source based on the low- 
frequency components of the musical tone signals ex- 
tracted by the low-pass fitter 1 6. 

[0024] 12 designates an amplifier for amplifying mu- 
sical tone signals output from the sound source 10; 14 
designates a speaker that is driven by the output of the 
amplifier to generate sound based on the musical tone 
signals; and 26 designates a photodiode for flickering 
light in display in synchronization with vibration. A DC 
motor 24 has a weight that is attached to its rotation shaft 
in a deflected manner; and it is designed to generate 
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vibration for the portable telephone body by rotating the 
weight. The sound source is for example an FM sound 
source, which outputs musical tone signals based on in- 
put music data. As the sound source, it is possible to 
use any types of sound sources such as PCM sound 5 
sources that can generate musical tone signals. 
[0025] In the aforementioned configuration, when an 
incoming call is received by the portable telephone that 
is set to allow notification of the incoming call by both 
sound (melody) and vibration, the sound source 1 0 is 
driven to generate musical tone signals representative 
of the melody of the prescribed tune based on the input 
music data, so that it outputs the musical tone signals 
to the amplifier 1 2 and the low-pass filter 1 6 respectively. 
As a result, the speaker 14 outputs the sound based on 
the musical tone signals. 

[0026] Meanwhile, the low-pass fitter 1 6 extracts low- 
frequency components from the musical tone signals 
output from the sound source 10. 
[0027] FIG. 2 shows frequency characteristics of the 
musical tone signals output from the sound source 1 0. 
In this figure, the curve P represents the frequency char- 
acteristic for the low-frequency components of the mu- 
sical tone signals; and the curve Q represents the fre- 
quency characteristic for the high-frequency compo- 
nents of the musical tone signals. The symbol fd des- 
ignates the upper-limit frequency for the low-frequency 
components of the musical tone signals. FIG. 3 shows 
the frequency characteristic of the low-pass filter 1 6. As 
shown in this figure, filter constants are selected in such 
a manner that the cutoff frequency fd becomes identi- 
cal to fd in the frequency characteristic of the low-pass 
filter 1 6. Therefore, the low-pass filter 1 6 extracts the 
low-frequency components in the frequency character- 
istic designated by the curve P within the musical tone 
signals. 

[0028] The output signal of the low-pass filter 1 6 is 
detected by the detection circuit 18, so that the rectifier 
circuit 20 outputs the signal whose waveform is shown 
in FIG. 4. This signal is amplified by the amplifier 22 up 
to the prescribed level; then, it is applied to the DC motor 
24 and the photodiode 26 respectively. As a result, the 
DC motor 24 is driven in synchronization with the low- 
frequency components of the musical tone signals out- 
put from the sound source 1 0, for example, the rhythm 
of the bass sound, so that the vibration is correspond- 
ingly generated. In addition, the photodiode 26 flickers 
light in synchronization with the vibration. 
[0029] Therefore, the speaker 1 4 outputs the sound 
representative of the melody of the tune that is obtained 
by reproducing the musical tone signals output from the 
sound source 1 0 in the prescribed frequency range from 
high frequencies to low frequencies; and the DC motor 
24 is driven in synchronization with rhythm sounds, 
which correspond to the low-frequency components ex- 
tracted from the musical tone signals, thus generating 
vibration in synchronization with the rhythm sounds. 
[0030] As described above, when the portable tele- 



phone is set to allow notification of an incoming call by 
both sound (melody of the tune) and vibration, the vibra- 
tion source driving device of the first embodiment of the 
present invention generates vibration in synchronization 
with the rhythm of the tune that is output as the sound; 
therefore, it is possible to obtain an effect that the user 
can enjoy it without having a feeling of wrongness. 

<Second Embodiment 

[0031] Next, FIG. 5 shows the configuration of the vi- 
bration source driving device in accordance with the 
second embodiment of the present invention. The vibra- 
tion source driving device of the second embodiment dif- 
fers from the vibration source driving device of the first 
embodiment in configuration in that there are provided 
a comparator 30, a reference voltage generation circuit 
32, a transistor 34 as a switching element to be turned 
on or off by the output of the comparator 30, and a re- 
sistor 36, at the output side of the rectifier circuit 20 
shown in FIG. 1, wherein a power source Vcc is con- 
nected to one ends of the DC motor 24 and photodiode 
26 via the resistor 36 and the transistor 34. Other parts 
of the configuration of the second embodiment are iden- 
tical to the vibration source driving device of the first em- 
bodiment; therefore, the same parts are designated by 
the same reference numerals; hence, the duplicate de- 
scription will be omitted. 

[0032] In the aforementioned configuration, when an 
incoming call is received by the portable telephone that 
is set to allow notification of the incoming call by both 
sound (melody) and vibration, the sound source 10 is 
driven to generate musical tone signals representative 
of the melody of the prescribed tune based on the input 
music data, so that it outputs the musical tone signals 
to the amplifier 1 2 and the low-pass filter 1 6 respectively. 
As a result, the speaker 14 outputs the sound based on 
the musical tone signals. 

[0033] Meanwhile, it was described before that the 
output signal of the low-pass filter 1 6 is subjected to the 
detection of the detection circuit 1 8 and the rectification 
of the rectifier circuit 20, so that the signal shown in FIG. 
4 can be obtained. The output signal of the rectifier cir- 
cuit 20 is compared with the reference signal of the con- 
stant level output from the reference voltage generation 
circuit 32 by the comparator 30, so that the comparator 
30 outputs a pulse string signal shown in FIG. 6 to the 
base of the transistor 34. Similar to the output signal of 
the rectifier circuit 20 : this pulse string signal corre- 
sponds to the low-frequency components of the musical 
tone signals output from the sound source 1 0, concrete- 
ly speaking, the rhythm signals. 

[0034] The transistor 34 is controlled to be turned on 
or off in response to the pulse string signal, which is the 
output signal of the comparator 30; therefore, the power 
supply to the DC motor 24 and the photodiode 26 is be- 
ing controlled. 

[0035] Therefore, the speaker 14 outputs the sound 
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representative of the melody of the tune that is obtained 
by reproducing the musical tone signals output from the 
sound source 1 0 in the prescribed frequency range from 
high frequencies to low frequencies; and the DC motor 
24 as the vibration source is driven in synchronization 
with rhythm sounds, which correspond to low-frequency 
components extracted from the musical tone signals; 
the vibration is correspondingly generated in synchroni- 
zation with the rhythm sounds. At this time, the photo- 
diode 26 flickers light in synchronization with the vibra- 
tion. 

[0036] As described above, like the first embodiment, 
the vibration source driving device of the second em- 
bodiment of the present invention generates the vibra- 
tion in synchronization with the rhythm of the tune, which 
is output as the sound, when the portable telephone is 
set to allow notification of an incoming call by both sound 
(melody of the tune) and vibration. Thus, it is possible 
to obtain an effect that the user can enjoy it without hav- 
ing a feeling of wrongness. 

<Third Embodiment 

[0037] Next, FIG. 7 shows the configuration of the vi- 
bration source driving device in accordance with the 
third embodiment of the present invention. The vibration 
source driving device of the third embodiment differs 
from the vibration source driving device of the first em- 
bodiment in configuration in that driving the DC motor 
as the vibration source by low-frequency components 
of musical tone signals output from the sound source 1 0 
in the configuration of the vibration source driving device 
of the first embodiment shown in FIG. 1 is achieved by 
a sequencer 40 that controls a switch 42, which is pro- 
vided between the sound source and the amplifier 22, 
to be turned on or off on the basis of timing signals rep- 
resentative of periods for outputting rhythm signals rep- 
resenting rhythm sounds within musical tone signals 
output from the sound source 1 0. The other parts of the 
configuration of the third embodiment are identical to the 
vibration source driving device of the first embodiment; 
therefore, the same parts are designated by the same 
reference numerals; hence, the duplicate description 
will be omitted. 

[0038] Incidentally, the sequencer 40 has a counter 
therein. While this counter counts the time, during the 
periods that the sound source (e.g., FM sound source) 
outputs rhythm signals based on timing data, it controls 
the switch 42 to be in an ON state. The sequencer 40 
corresponds to the control means of the present inven- 
tion. 

[0039] In the aforementioned configuration, the se- 
quencer 40 has sequence data (music data) for the nec- 
essary channels, so that it controls the sound source 1 0 
to be driven in parallel with the sequence data. Thus, 
the sound source 10 generates musical tone signals in 
the prescribed frequency range from high frequencies 
to low frequencies. The musical tone signals are sup- 



plied to the speaker 14 via the amplifier 1 2, so that the 
speaker outputs the corresponding sound based on the 
musical tone signals. 

[0040] Based on timing data representing timings of 

5 outputting rhythm signals representative of rhythm 
sounds within sequence data, concretely speaking, 
based on data designating periods for gate times A, B, 
C, ... (ON at times t1 , t3, andt5; OFF at times t2 and t4) 
shown in FIG. 8, the sequencer 40 controls the switch 

10 42 to be turned on or off, thus supplying the rhythm sig- 
nals to the DC motor 24 as the vibration source and the 
photodiode 26 respectively via the amplifier 22. As a re- 
sult, the speaker 14 outputs as the sound the melody of 
the tune that is obtained by reproducing the musical tone 

is signals output from the sound source 10 in the pre- 
scribed frequency range from low frequencies to high 
frequencies. The DC motor 24 as the vibration source 
is driven in synchronization with the rhythm sounds cor- 
responding to low-frequency components of the musical 

20 tone signals, which are provided via the switch 24 that 
is turned on or off under the control of the sequencer 40. 
Thus, it generates vibration in synchronization with the 
rhythm sounds. At this time, the photodiode 26 flickers 
light in synchronization with the vibration. 

25 [0041 ] As described above, like the first embodiment, 
the vibration source driving device of the third embodi- 
ment can generate the vibration in synchronization with 
the rhythm of the tune that is output as the sound when 
the portable telephone is set to allow notification of an 

30 incoming call by both sound (melody of the tune) and 
vibration. Thus, it is possible to obtain an effect that the 
user can enjoy it without having a feeling of wrongness. 
[0042] Next, descriptions will be given with respect to 
fourth to ninth embodiments, each of which provides a 

35 vibration source driving device using a vibration speaker 
as a vibration source. First, FIG. 9 shows the structure 
of the vibration speaker. In this figure, a vibration speak- 
er 50 is constructed such that ends of a cone 52 is in- 
terconnected to and is supported by the upper end of a 

40 frame 56 via an edge 54. 

[0043] A voice coil bobbin 62 about which a voice coil 
64 is wound is fixed to the backside of the center portion 
of the cone 52 and is engaged with a pole piece 60A of 
a magnet 60. Further, the lower end of the frame 56 is 

45 interconnected to the upper end of the magnet 60 via 
an edge 58. 

[0044] The vibration speaker 50 having the aforemen- 
tioned structure provides two vibration systems, namely, 
a first vibration system containing the cone 52 and asec- 

50 ond vibration system containing the magnet 60, wherein 
the second vibration system causes resonance in the 
prescribed frequency band that is lower than that of the 
first vibration system, thus causing vibration. These vi- 
bration systems are designed such that the first vibration 

55 system causes resonance in the first frequency band, 
for example, the frequency band ranging from 500 Hz 
to 1 kHz, while the magnet 60 causes resonance in the 
second frequency band ranging from 130 Hz to 145 Hz, 
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for example. The cone 52 is subjected to constantly ac- 
celerated motion in frequencies above the first frequen- 
cy band, thus producing the flow sound output. The 
magnet 60 has a larger mass compared to the cone 52; 
therefore, it causes substantially no vibration above 500 5 
Hz. 

[0045] The magnet 60 as the second vibration system 
is designed to cause resonance in the second frequency 
band ranging from 130 Hz to 145 Hz. However, since 
the second frequency band is lower than the first fre- 10 
quency band in which the cone 52 causes resonance, 
the cone 52 hardly causes resonance, while only the 
magnet 60 moves. Therefore, no sound is generated, 
while vibration is generated. As described above, they 
operate in different frequency bands respectively so that *5 
the cone 52 constituting the first vibration system gen- 
erates sound, while the magnet 60 constituting the sec- 
ond vibration system generates vibration. 
[0046] The vibration speaker 50 used in the present 
embodiment is designed in such a manner that as the 20 
second vibration system, the magnet 60 causes vibra- 
tion. It is not necessarily limited by the present embod- 
iment. For example, instead of the magnet 60, a vibra- 
tion mass (load mass) is connected to the cone by the 
intervention of a compliance. Hence, the present inven- 25 
tion is applicable to one in which the vibration mass is 
used for the second vibration system. That is, the 
present invention is applicable to the vibration speaker 
that comprises a frame having at least one opening, a 
vibrating plate attached to the frame, an excitation coil 30 
attached to the vibrating plate via a bobbin, a magnetic 
circuit that is arranged to produce magnetic drive force 
with respect to the excitation coil, and a load having a 
prescribed weight that is connected to the vibrating plate 
via a means having a mechanical or acoustic compli- 35 
ance. When low-frequency electric signals are applied 
to the excitation coil, the load and the vibrating plate in- 
tegrally vibrate together by means of the means having 
the compliance. When audio-frequency electric signals 
are applied to the excitation coil, the means having the 40 
compliance substantially blocks the vibration force so 
that only the vibrating plate vibrates to cause sound, 
which is output from the opening of the frame. 

< Fourth Embodiment 45 

[0047] Next, FIG. 10 shows the configuration of the 
vibration source driving device in accordance with the 
fourth embodiment of the present invention. In this fig- 
ure, the vibration source driving device of the fourth em- so 
bodiment comprises a sound source (e.g., an FM sound 
source) 1 0 for generating musical tone signals based 
on input music data, a DA converter (DAC) 70 for per- 
forming digital-to-analog conversion on the musical tone 
signals of the sound source 10, an adder 72 as an ad- 55 
dition means for adding together the output signal of the 
OA converter 70 and the analog input (e.g., speech sig- 
nals) from the external device, a variable filter 74 whose 



frequency band allowing transmission of input signals 
therethrough can be changed by the setting signal input 
from the external device, an amplifier 76 as a drive 
means for driving a vibration speaker 50 based on the 
5 output signal of the variable filter 74. 

[0048] As shown in FIG. 11 , filter constants are set in 
such a way that the variable filter 74 has a frequency 
characteristic (curve a) of a low-pass filter whose cutoff 
frequency fd matches the upper-limit frequency of the 
10 aforementioned second frequency band when the vibra- 
tion speaker 50 functions as only the vibrator; it has a 
frequency characteristic (curve b) of a high-pass filter 
whose cutoff frequency fc2 matches the lower-limit fre- 
quency of the aforementioned first frequency band 
*5 when the vibration speaker 50 functions as the speaker 
for reproducing sound signals; and it is placed in a 
through state allowing transmission of all signals there- 
through when the vibration speaker 50 functions to re- 
produce sound signals while simultaneously generating 
20 vibration. 

[0049] The filter constants are set in such a way that 
the variable filter 74 has frequency characteristics for 
enabling output adjustment with respect to the sound 
and vibration in accordance with curves c and d shown 
25 in FIG. 11 when it is placed in the through state to allow 
the vibration speaker 50 to generate both the sound and 
vibration. Thus, it is possible to produce new effects by 
both the sound and vibration. 

[0050] In the aforementioned configuration, the sound 
30 source 1 0 generates musical tone signals based on in- 
put music data, so that the musical tone signals are input 
to the DA converter (DAC) 70. The musical tone signals, 
are converted to analog signals by the DA converter 
(DAC) 70, so that the adder 72 adds the analog input 
35 such as the speech to the analog signals. Added signals 
are input to the variable filter 74. The filter characteristic 
of the variable filter 74 is set in advance in response to 
the setting of the operation mode regarding incoming 
calls. That is, by selecting any one of operation modes 
40 from among a mode A allowing incoming call notification 
by only the sound (melody of the tune), a mode B allow- 
ing it by only the vibration, and a mode C allowing it by 
both the sound and vibration, the filter characteristic 
(frequency characteristic) is set by the setting signal cor- 
45 responding to each operation mode. 

[0051 ] The output signal of the variable filter 74 is am- 
plified by the amplifier 76 and is then applied to the vi- 
bration speaker 50. When the mode A is set, the filter 
constants are set in such a way that the variable filter 
so 74 acts as a high -pass filter, so that the vibration speaker 
50 outputs the sound based on signal components, 
which are provided by eliminating low-frequency com- 
ponents from the musical tone signals output from the 
sound source 1 0, or it outputs the speech input from the 
55 external device. When the mode B is set, the filter con- 
stants are set in such a way that the variable fitter 74 
acts as a low-pass filter, wherein the variable fitter 74 
extracts only the low-frequency components from the 
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musical tone signals output from the sound source 10, 
so that the vibration speaker 50 drives only the magnet 
60 to cause vibration. 

[0052] When the mode C is set, the filter constants 
are set in such a way that the variable filter 74 is placed 
in the through state, wherein the musical tone signals 
output from the sound source 1 0 and the analog signals 
such as the speech are all transmitted through the var- 
iable filter 74 and are applied to the vibration speaker 
50. Therefore, at the incoming call mode, the cone 52 
vibrates based on the musical tone signals to produce 
the sound or speech, while the magnet 60 of the vibra- 
tion speaker 50 is driven by the low-frequency compo- 
nents of the musical tone signals to cause vibration. 
[0053] In the vibration source driving device of the 
fourth embodiment of the present invention, when the 
vibration speaker is used for the vibration source as the 
means for actualizing the vibration function on the port- 
able telephone, it can be driven by the normal speaker 
drive amplifier with out using the complicated circuit con- 
figuration. 

[0054] When the portable telephone is set to allow no- 
tification of an incoming call by both sound (melody of 
the tune) and vibration, the vibration occurs in synchro- 
nization with the rhythm of the tune that is output as the 
sound. Therefore, it is possible to obtain an effect that 
the user can enjoy it without having a feeling of wrong- 
ness. 

<Fifth Embodiment 

[0055] Next, FIG. 12 shows the configuration of the 
vibration source driving device in accordance with the 
fifth embodiment of the present invention. 
[0056] The vibration source driving device of the f ifth 
embodiment differs from the vibration source driving de- 
vice of the fourth embodiment in configuration in that 
without using the variable filter, the sound source 10 is 
forced to generate musical tone signals and vibration 
signals, wherein the musical tone signals or speech are 
added to the vibration signals, which are transmitted 
through a DA converter 78 and a low-pass filter 80, by 
a newly provided adder 82, so that added signals are 
used as drive signals for the vibration speaker 50. Other 
parts of the configuration are similar to the vibration 
source driving device of the fourth embodiment; there- 
fore, the same parts are designated by the same refer- 
ence numerals; hence, the duplicate description will be 
omitted. 

[0057] In this figure, the vibration source driving de- 
vice of the fifth embodiment comprises a sound source 
(e.g., an FM sound source) 10 for generating musical 
tone signals based on input music data while also gen- 
erating vibration signals, a DA converter (DAC) 70 for 
performing digital-to-analog conversion on the musical 
tone signals of the sound source 10, an adder 72 for 
adding together the output signal of the DA converter 
70 and the analog input (e.g., speech signals), a DA con- 



verter (DAC) 78 for performing digital-to-analog conver- 
sion on the vibration signals output from the sound 
source 1 0, a low-pass filter 80 for eliminating higher har- 
monics components from the output signal of the DA 

5 converter 78, an adder 82 as an addition means for add- 
ing together the output signal of the adder 72 and the 
output signal of the low-pass filter 80, and an amplifier 
76 as a drive means for driving the vibration speaker 50 
as a vibration source based on the output signal of the 

10 adder 82. 

[0058] The sound source 1 0 is the FM sound source, 
for example. The vibration signals output from the sound 
source 10 are signals of the frequency band corre- 
sponding to the second frequency band (130 Hz to 145 

is Hz) in which the magnet 60 constituting the second vi- 
bration system of the vibration speaker 50 causes res- 
onance; therefore, they are produced by various meth- 
ods. For example, the vibration signals can be created 
by connecting multiple sine waves having different fre- 

20 quencies by using the pitch setting function of the FM 
sound source (see FIG. 13(A)). 

[0059] By continuously varying frequencies of signals 
over a lapse of time (see FIG. 13(B)), or by varying fre- 
quencies in a step-like manner over a lapse of time (see 

25 FIG. 13(C)), it is possible to create vibration signals of 
the frequency band corresponding to the aforemen- 
tioned second frequency band (1 30 Hz to 145 Hz). Fur- 
ther, by varying frequencies over a lapse of time within 
the certain width of frequencies about the center fre- 

30 quency fO of the aforementioned second frequency 
band (1 30 Hz to 1 45 Hz), it is possible to create vibration 
signals of the frequency band corresponding to the 
aforementioned second frequency band (130 Hz to 145 
Hz) (see FIG. 13(D)). 

35 [0060] By effecting amplitude modulation with respect 
to carrier waves in the amplitude modulation section 
built in the sound source 10, in other words, by gener- 
ating sidebands using the envelope setting function of 
the FM sound source and distributing frequency spec- 

40 tra, it is possible to create vibration signals of the fre- 
quency band corresponding to the aforementioned sec- 
ond frequency band (130 Hz to 145 Hz) (see FIG. 14). 
In the creation of the vibration signals, higher harmonics 
occur at the rise portion X of the vibration signal shown 

45 in FIG. 15(A). In order to avoid it, by smoothly varying 
amplitudes of vibration signals using the pitch setting 
function and envelope setting function of the FM sound 
source and varying frequencies over a lapse of time as 
shown in FIG. 15(B), it is possible to create vibration 

50 signals of the frequency band corresponding to the 
aforementioned second frequency band (130 Hz to 145 
Hz). 

[0061 ] As the other method other than the aforemen- 
tioned ones, by effecting multiplex modulation on carrier 
55 waves to generate sidebands and distributing frequency 
spectra to produce multiple sound in proximate to the 
center frequency fO of the second frequency band (1 30 
Hz to 1 45 Hz) as shown in FIG. 1 6, it is possible to create 
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vibration signals of the frequency band corresponding 
to the aforementioned second frequency band. In FIG. 
16, f1=130 Hz, f2=132 Hz, f3=134 Hz } f4=136 Hz, and 
f5=138 Hz, for example. 

[0062] As shown in FIG. 17, the sound source 10 is 
forced to generate as vibration signals the signals 
whose signal waveforms are deformed and which are 
created by convoluting low-frequency signals (FIG. 1 7 
(A)) with higher harmonics. By driving the vibration 
speaker 50 by these signals, it is possible to vary vibra- 
tion feelings. 

[0063] The present embodiment uses the vibration 
speaker as the vibration source; however, when a vibra- 
tion motor constituting a vibration of the portable tele- 
phone is used, it is possible to use as vibration signals 
the signals that are created by simulating the vibration 
pattern (frequency and amplitude of vibration) of the vi- 
bration motor shown in FIG. 18; in other words, it is pos- 
sible to use these signals as drive signals for the vibra- 
tion motor. 

[0064] In the configuration shown in FIG. 12, the 
sound source 10 outputs musical tone signals and vi- 
bration signals to the DA converters 70 and 78 respec- 
tively. The DA converter 70 converts the musical tone 
signals to analog signals, which are added to the analog 
input such as the speech by the adder 72. The output 
of the adder 72, that is, the musical tone signals or 
speech signals, is output to the earphone (or head- 
phone) or the adder 82. 

[0065] On the other hand, the DA converter 78 con- 
verts the vibration signals to analog signals, from which 
higher harmonics components are eliminated by the 
low-pass filter 80; then, these signals are added to the 
musical tone signals or speech signals by the adder 82. 
As described above, the addition output representing 
the result of the addition between the musical tone sig- 
nals or speech signals and the vibration signals is am- 
plified by the amplifier 76 and is then applied to the vi- 
bration speaker 50. The vibration speaker 50 produces 
the sound based on the musical tone signals or speech 
signals in the aforementioned first frequency band, and 
it also causes vibration based on the vibration signals 
generated by the sound source 10 in the second fre- 
quency band. 

[0066] In the vibration source driving device of the fifth 
embodiment of the present invention, when the vibration 
speaker is used for the vibration source as the means 
for actualizing the vibration function on the portable tel- 
ephone, it can be driven by the normal speaker drive 
amplifier without using the complicated circuit configu- 
ration. 

[0067] When the portable telephone is set to allow no- 
tification of an incoming call by both sound (melody of 
the tune) and vibration, it is possible to generate vibra- 
tions having different characteristics by the vibration sig- 
nals generated by the sound source. Therefore, it is pos- 
sible to obtain an effect that the user can enjoy it without 
having a feeling of wrongness. 
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<Sixth Embodiment 

[0068] Next, FIG. 19 shows the configuration of the 
vibration source driving device of the sixth embodiment 

5 of the present invention. The vibration source driving de- 
vice of the sixth embodiment differs from the vibration 
source driving device of the fifth embodiment in config- 
uration in that a digital filter 84 is newly provided and is 
used to extract signals of the prescribed frequency band 

10 in proximity to the center frequency 10 of the second fre- 
quency band., in which the magnet 60 of the vibration 
speaker 50 causes resonance, from the random noise 
output from a random noise generator 1 0A provided in- 
side of the sound source 1 0 with respect to vibration sig- 

15 nals for driving the vibration speaker 50 as the vibration 
source, so that the extracted signals are used as the 
vibration signals. Other parts of the configuration are 
identical to the foregoing embodiment; hence, the dupli- 
cate description will be omitted. 

20 [0069] In the vibration source driving device of the 
sixth embodiment, similar to the vibration source driving 
device of the fifth embodiment, when the vibration 
speaker is used for the vibration source as the means 
for actualizing the vibration function on the portable tel- 

25 ephone, it is possible to obtain an effect that the vibration 
speaker can be driven by the normal speaker driver am- 
plifier without using the complicated circuit configura- 
tion. 

30 <Seventh Embodiment 

[0070] Next, FIG. 20 shows the configuration of the 
vibration source driving device of the seventh embodi- 
ment of the present invention. The vibration source driv- 
es ing device of the seventh embodiment differs from the 
vibration source driving device of the fifth embodiment 
shown in FIG. 12 in configuration in that an integration 
circuit 90 and a voltage-controlled amplifier 92 whose 
gain is controlled based on the output signal of the inte- 
40 gration circuit 90 are provided between the adders 72 
and 82 shown in FIG. 1 2. Other parts of the configuration 
are identical to the foregoing embodiment, wherein the 
same parts are designated by the same reference nu- 
merals; hence, the duplicate description will be omitted. 
45 [0071] in the vibration source driving device of the 
seventh embodiment, when the portable telephone is 
set to allow notification of an incoming all by both sound 
and vibration, the musical tone signals might been sub- 
jected to modulation due to vibration caused by driving 
so the magnet 60 of the vibration speaker 50; hence, such 
modulation should be eliminated. 

[0072] In FIG. 20, when the portable telephone is set 
to allow notification of an incoming call by both sound 
and vibration, the sound source 1 0 outputs musical tone 
55 signals and vibration signals to the DA converters (DAC) 
70 and 78 respectively. The DA converter 70 converts 
the musical tone signals to analog signals, which are 
added to the analog input (e.g., speech) from the exter- 
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nal device by the adder 72, so that the added signals 
are output to the integration circuit 90. In addition, the 
DA converter 78 converts the vibration signals to analog 
signals, from which higher harmonics components are 
eliminated by the low-pass filter 80; then, they are output 
to the adder 82. Further the vibration signals are added 
to the output signal of the voltage-controlled amplifier 
92 by the adder 82, so that the added signals are applied 
to the vibration speaker 50 via the amplifier 76. The out- 
put of the adder 82 is provided to the earphone or head- 
phone. 

[0073] Meanwhile, the musical tone signals are sub- 
jected to amplitude modulation due to the vibration that 
is caused by driving the magnet 60 of the vibration 
speaker 50. Hence, the integration circuit 90 detects the 
vibration waveform of the magnet 60 of the vibration 
speaker 50 from the output signal of the adder 72, so 
that the gain of the voltage-controlled amplifier 92 is con- 
trolled based on the output signal of the integration cir- 
cuit 90. Thus, the amplitude modulated components of 
the output signal of the adder 72 are reversely corrected. 
In result, it is possible to reduce the modulation compo- 
nents, due to the vibration of the magnet 60 of the vibra- 
tion speaker 50, within the musical tone signals. 
[0074] As described above, in the vibration source 
driving device of the seventh embodiment of the present 
invention, the integration circuit 90 detects the vibration 
waveform of the magnet 60 of the vibration speaker 50 
from the output signal of the adder 72 that adds together 
the musical tone signals and the externally input sig nais, 
so that by controlling the gain of the voltage-controlled 
amplifier 92 based on the output signal of the integration 
circuit 90, the amplitude modulated components of the 
output signal of the adder 72 are reversely corrected. 
Therefore, when the portable telephone is set to allow 
notification of an incoming call by both sound and vibra- 
tion, it is possible to reduce the modulation components 
of the musical tone signals due to the vibration that is 
caused by driving the magnet 60 of the vibration speaker 
50. 

< Eighth Embodiment 

[0075] Next, FIG. 21 shows the configuration of the 
vibration source driving device of the eighth embodi- 
ment of the present invention. The vibration source driv- 
ing device of the eighth embodiment is designed such 
that signals, which are produced by eliminating low-fre- 
quency components from musical tone signals output 
from the sound source, and vibration signals, which are 
synchronized with the rhythm within the musical tone 
signals output from the sound source, are added togeth- 
er, so that the vibration speaker is driven by the addition 
output. 

[0076] In FIG. 21 , when the portable telephone is set 
to allow notification of an incoming call by both sound 
(melody of the tune) and vibration, the vibration source 
driving device of the present embodiment comprises a 



sound source 10 (e.g., an FM sound source) that gen- 
erates musical tone signals based on input music data 
and that also generates vibration signals in synchroni- 
zation with rhythm data within the musical tone signals, 

5 a DA converter (DAC) 70 for performing digital-to-ana- 
log (D/A) conversion on the musical tone signals of the 
sound source 1 0, an adder 72 for adding together the 
output signal of the DA converter 70 and the analog in- 
put (e.g., speech signals) provided from the external de- 

10 vice, a DA converter (DAC) 78 for performing digital-to- 
analog (D/A) conversion on the vibration signals output 
from the sound source 10, and a low-pass filter 80 for 
eliminating higher harmonics components from the out- 
put signal of the DA converter 78. 

15 [0077] Further, the vibration source driving device of 
the present embodiment also comprises a high-pass fil- 
ter 104 for eliminating low-frequency components from 
the output signal of the adder 72 to extract high-frequen- 
cy components only, an adder 82 as an addition means 

20 for adding together the output signal of the high-pass 
filter 1 04 and the output signal of the low-pass filter 80, 
an amplifier 76 as a drive means for driving the vibration 
speaker 50 as the vibration source based on the output 
signal of the adder 82, a low-pass filter 1 00 for extracting 

25 low-frequency components from the musical tone sig- 
nals output from the adder 72; and a detection circuit 
102 for detecting the output signal of the low-pass filter 
100 to detect and output rhythm data to the sound 
source. The low-pass filter 1 00 and the detection circuit 

30 102 correspond to the rhythm data detection means of 
the present invention. 

[0078] In the aforementioned configuration, when the 
portable telephone is set to allow notification of an in- 
coming call by both sound (melody of the tune) and vi- 

35 bration, the sound source 10 outputs musical tone sig- 
nals based on input music data to the DA converter 70. 
The DA converter 70 converts the musical tone signals 
to analog signals, which are added to the analog input 
(e.g., speech signals) input from the external device by 

40 the adder 72, so that the added signals are output to the 
high-pass filter 104 and the low-pass filter 100 respec- 
tively. The low-pass filter 1 00 extracts from the musical 
tone signals the low-frequency components, which are 
detected by the detection circuit 1 02 and are output to 

45 the sound source 10 as the rhythm data. The sound 
source 1 0 generates vibration signals in synchroniza- 
tion with the rhythm data output from the detection circuit 
1 02, so that they are output to the DA converter 78. The 
DA converter 78 converts the vibration signals to analog 

50 signals, from which higher harmonics components are 
eliminated by the low-pass filter 80, so that they are out- 
put to the adder 82. 

[0079] The adder 82 adds together the output signal 
of the high-pass filter 104 and the output signal of the 
55 low-pass filter 80, in other words, it adds together the 
musical tone signals, from which the low-frequency 
components are eliminated, and the vibration signals 
that are synchronized with the rhythm data within the 
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musical tone signals. Then, the added signals are output 
to the amplifier 76 as the drive means. The amplifier 76 
drives the vibration speaker 50 based on the output sig- 
nal of the adder 82. 

[0080] In the vibration source driving device of the 5 
eighth embodiment of the present invention, when the 
vibration speaker is used for the vibration source as the 
means for actualizing the vibration function on the port- 
able telephone, it is possible to obtain an effect that the 
vibration speaker can be driven by the normal speaker 10 
drive amplifier without using the complicated circuit con- 
figuration. When the portable telephone is set to allow 
notification of an incoming call by both sound (melody 
of the tune) and vibration, the vibration is generated in 
synchronization with the rhythm of the tune that is output .* 5 
as the sound. Therefore, it is possible to obtain an effect 
that the user can enjoy it without having a feeling of 
wrongness. 

<Ninth Embodiment 20 

[0081] Next, FIG. 22 shows the configuration of es- 
sential parts of the vibration source driving device in ac- 
cordance with the ninth embodiment of the present in- 
vention. The vibration source driving device of the 25 
present embodiment differs from the vibration source 
driving device of the eighth embodiment in configuration 
in that the vibration source driving device of the eighth 
embodiment detects rhythm data by use of the low-pass 
filter 1 00 and the detection circuit 1 02, whereas a signal 30 
processing circuit 200 is used to extract rhythm data 
from music data input to the sound source, so that by 
supplying the rhythm data to the sound source, the 
sound source is forced to generate vibration signals in 
synchronization with the rhythm data. Other parts of the 35 
configuration are identical to the foregoing embodiment; 
hence, the duplicate description will be omitted. 
[0082] In the vibration source driving device of the 
ninth embodiment of the present invention , similar to the 
vibration source driving device of the eighth embodi- 40 
ment, when the vibration speaker is used for the vibra- 
tion source as the means for actualizing the vibration 
function on the portable telephone, it is possible to ob- 
tain an effect that the vibration speaker can be driven 
by the norma! speaker amplifier without using the com- 45 
plicated circuit configuration. 

[0083] When the portable telephone is set to allow no- 
tification of an incoming call by both sound (melody of 
the tune) and vibration, the vibration is generated in syn- 
chronization with the rhythm of the tune that is output as 50 
the sound. Therefore, it is possible to obtain an effect 
that the user can enjoy it without having a feeling of 
wrongness. 

55 

Claims 

1 . A vibration source driving device comprising: 



a sound source for generating musical tone sig- 
nals; 

a vibration source for generating vibration; 
a signal extraction means for extracting low-fre- 
quency components from the musical tone sig- 
nals output from the sound source; and 
a drive means for driving the vibration source 
based on the low-frequency components of the 
musical tone signals that are extracted by the 
signal extraction means. • 

2. A vibration source driving device comprising: 

a sound source for generating musical tone sig- 
nals: 

a vibration source for generating vibration; 
a drive means for driving the vibration 
source; 

a switch means that is provided between 
the sound source and the vibration source; 
and 

a control means for controlling the switch 
means to be turned on or off based on tim- 
ings of outputting rhythm signals within the 
musical tone signals output from the sound 
source, thus driving the vibration source in 
synchronization with the rhythm signals. 

3. A vibration source driving device comprising: 

a sound source for generating musical tone sig- 
nals; 

a vibration source that provides a first vibration 
system for causing resonance in a first frequen- 
cy band and a second vibration system for 
causing resonance in a second frequency band 
that is lower than the first frequency band, so 
that the first vibration system generates sound 
while the second vibration system generates vi- 
bration; 

a variable filter that is constituted to enable 
changes in a signal passing band for the musi- 
cal tone signals output from the sound source, 
by a setting signal input from an external de- 
vice; and 

a drive means for driving the vibration source 
based on the output of the variable filter, 

wherein filter constants are set by the setting 
signal in such a manner that the variable filter acts 
as a low-pass filter whose cutoff frequency substan- 
tially matches an upper-limit frequency of the sec- 
ond frequency band when the vibration source func- 
tions as a vibrator onfy; the variable filter acts as a 
high-pass filter whose cutoff frequency substantial- 
ly matches a lower-limit frequency of the first fre- 
quency band when the vibration source functions 
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as a speakerf or reproducing sound signals; and the 
variable filter is placed in a through state allowing 
transmission of all signals therethrough when the 
vibration source functions to reproduce the sound 
signals and to generate vibration. 5 

A vibration source driving device comprising: 

a sound source for generating musical tone sig- 
nals and vibration signals; 10 
a vibration source that provides a first vibration 
system for causing resonance in a first frequen- 
cy band and a second vibration system for 
causing resonance in a second frequency band 
that is lower than the first frequency band, so *5 
that the first vibration system generates sound 
while the second vibration system generates vi- 
bration; 

an addition means for adding together the mu- 
sical tone signals and the vibration signals out- so 
put from the sound source; and 
a drive means for driving the vibration source 
based on an output signal of the addition 
means. 



A vibration source driving device comprising: 



25 



a sound source for generating musical tone sig- 
nals based on music data and for generating 
vibration signals in synchronization with rhythm so 
data within the music data; 
a vibration source that provides a first vibration 
system for causing resonance in a first frequen- 
cy band and a second vibration system for 
causing resonance in a second frequency band 35 
that is lower than the first frequency band, so 
that the first vibration system generates sound, 
and the second vibration system generates vi- 
bration; 

a rhythm data detection means for detecting *o 
rhythm data from the musical tone signals out- 
put from the sound source, thus outputting the 
rhythm data to the sound source; 
a high-pass filter for eliminating low-frequency 
sounds from the musical tone signals; 45 
a low-pass filter for eliminating higher harmon- 
ics components from the vibration signals; 
an addition means for adding together an out- 
put signal of the high-pass filter and an output 
signal of the low-pass filter; and 50 
a drive means for driving the vibration source 
based on an output signal of the addition 
means. 

A vibration source driving device according to any 55 
one of claims 3 to 5, wherein the vibration source is 
a vibration speaker. 
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